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ABSTRACT: 

PROBLEM TO BE SOLVED: To suppress the occurrence of the soft error 
of a 

solid-state image pickup element and to improve the picture quality 
by keeping 

the contents of U and Th below a specified value. 

SOLUTION: The window glass for a semiconductor package contains 
≤5 ppb of 

U and Th. As a result of such extremely low contents of U and Th, 
the 

α-ray emission becomes as low as ≤ 0.0015 C/cm2.h, and the 
soft error 

rate is drastically decreased when used in a solid-state image pickup 
element . 

Borosilicate glass, etc., are exemplified as the material for the 
window glass. 

The borosilicate glass contains, by weight, 50-78% Si02, 5-25% B203, 
0-8% 
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A1203, 0-5% Li20, 0-18% Na20 and 0-20% K20 (where Li20+Na20+K20 
20%), their 

total content is ≥80%, and the thermal expansion coefficient 
preferably 

controlled to 45~75&times ; 10-7K-1 . 
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lammii uMfThco^sa^tsppbOT rjaT^astSitsfcs-aT^s. u*»u ^^bs 



[ff*«2 ] 1 fc£»0>¥-#*^*-yjliS [ 0 0 0 6 ] i ^flyWir-yfflW7X 



TfcL f^eWtti^y (U) , h'JW (Th)Xtf y?«^feK5l«aiiS^6 0~7 5xiO-7K-i<oeH 

(Ra) WfMlW. Ralffiftim 20 fcAO. ^5^<^aj53l^gt«. ^F/h 

ir^TamtRMesfr**. u&vt htflsimkztix $#45-75x10 -TK^comsxhtztimib 

omem&w ght. ^m^msmmizm^a^ x^z>. js^^ir^ ^^-^v^a« 

[0003] -e<o^. Hfw^^ts^^ix^a^a o % mnz^txdfzm^5{znMmmty 4*9— 

£i$m-&Zt£Bmt Lt, Hfc&oj&HOiggtfjSS 4#3tSttf>*i&R2fc ltt(7>*S«t30Sfcffl*atii 

*lXV*»4. fiUtf!Bm i 3-74 874^&$fifc»i, -b TfcO. 3^5 . 

mmmsiLtzz t zimt-thMmi8im?im%& 30 [ooo7]ra->T#&»5i<oB«ifcjL «> u&^Th^ 

L*»U ^@fl^S^«oSDifc:iiV>T **«*^#<, HX7-<^tJ 

tt. >-'J^-h^7^Ktf0SKlg*»*^rc&»). H Bfl<0|6j±fc:8^--e££. (ii) T/PStvs 

[0004]-*. *£§S§ 3 P5-27 50 74^&ffifc ^-^*tOi*«eK:ffinTV^f:V^f(l^*L, ££ 

tt. 2*lttt^fi7cS^«^l 0 0 p p bfeTF. fcJS&TGii) AKMjEiltt&flHrU &S?»J«. 

ftUiftO. O5c/cm2-hriaTC*0. «»ft3t 3XhHK«&^L#i.#t'<0f«J^i<,^-|,^«c/N-»y 

ttTCStftftSfrJS* 5 ®^ F e 2 O3 . T i O2 , P b *-itimtt11?Xt5£Vc\<r?mttit*v r-isfmtt 

mUi. agaWiJfiO. 08~0. 005c/cm'- 6. 

hrO^X* s i3^$ilT^&. X. ^f^6-2 1 1 40 [0 0 08] 

5 3 9#&«fctt. \Jk7Yi<r&%M.<r)f,\\Z rOi. [i!S£jBfc^Sfc«><0*&] iil4T» #7^tti 

&^mMmyAim&ztixt5<o. mmtz. <**8 mtt>&k*LH>tix\*i. L*»st. 

fttUfiO . 0 0 8-0 .002 c/c m* • h r tf?X£>lGBfc LTJfetmR<^^£4#«tf>T4*2r 

[0005] ii^^7Xcoft«ttHfl5c^^ft««^t LTJSv^ 

[HHBtfSf&LJ: o k-?$,mmi LfrL+ctfh, "WCfciifcfcfiKiiU:. JWfc. #7Xfc*:**U 

vyh*y-tfiii«*.%%nm±m&£%'>x^ *m=, x^mmx^mx^mwh-m^h i z 

h. tot:*). amG&<r>i&m&mmtzt>iz&tL so tmrnntz. *ix#yzwg^x<ommffijv 



[0001] 



[0002] 



-T-f ^7 4 WHHKLfcCC D^- -77*7 ^T;PS-f 
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mwmAm±-?zmmfr®k uc. mwyzwm. mmtbh . u~>x. a i 2 03«^«ji8%jaTfc^ 

Lfcfc<ST#7X££jB^& %t>tdt*fJ [0014] Li 2 O x NazO&tf^OliiJSPJfcLT 

X#5 p p bOT«U^4SlX5 p p b£rF4>Th£ fftflU *r\ K*3Stt^S<-r^JK^T*S. Z<nK 

nmttL. totigkam&iiimtfo. ooi5c/c y>(c«. ^ii^>cojs^<7)iax«2auui^tf^w 

m 2 • h r iart & o . *#*/t? y-^mmayx m* 5 %&±tm%xb&. n>> u 1 

t LTifSTTA^dtSr^V^aSLTt. SX<i28fcU:£>M^W*#2 0%SrStl.tW« 

[0009]*H^I±. ^Oid^afc^^V^T^JS tt^JK* 1 ). A^fe^l^p'^<j£0^*a«|6l 

SfutiO-C* 1 ,. *!6W»i. ( I ) U&X/Thff)is^ tf&Z. % t>tZZtlt><7>fflt<7)^ Li 2 Oli. 

•y-y-ismmtf?*. (id cct^^n--/^ cossurg^-s^ffltsu^ -e^fctf). l i 2 o<^ 

-^'ffl3gff^^^l^LTj£S@(«i«S^Sgt Hmii5%aT£.-tZZttfmL\.\ Na 2 OStfK 2 

•ts. o«, m-fni8%atx2o%^i8i.stwe6tt*gi 
[0010] ii>ommm.i>*$ <*9-*-y*#wisWfe4. 

xt^xwm-z . xmxvmtfr* -y r-fmmtt n a2 o&# k 2 o<^««. -en-m 1 8 

uai/Th^^fft&attcSppbJaTT*) %JaT&tf2 0%JaTi^S::fc#i?£U\ 

£. ttJlW^ft^- v^-v^^W^^Xi: LTtt. U [0015] &±<r>&0t<rM^ |ffg& «SMt. 

^W*#5 p p b zmth t>0>U*K>*iT£6r. -T jgtt^#^>. SU^Sffiaco^^)B«rC2 0%&rt 

^T*5HB<0^^>y^-i;ffllg»^7Xl4fi£*# OKHT, r;^'J±a^RlKt!8l (MgO, CaO, 
tELrkfr-ot&tmZtfyATbZ,. Z<D£o%U&VT 20 SrO, BaO) % ZnO. C 1 mw^yymZma 

h^-*i*9tt5ppbOTts«>T^v*isHB» •?&zti>^mvb&. set. As 2 0 3 . Sb 2 0 3 ^) 

#«*>T*J*5rV*S£i: LT a 0 . 0 015c ^^£O3«UUi(7)SM^«^Rir^t0rM<7)^tt$- 

fct § icy 7 hx7-¥£gL<[£8-e#£. [0016] #fSBJi#7X*ra<oi> d imrmxh 

[0011] *mi<r)^ifr*v*-i''mmt#yX£ CuO!:ttL. P 2 Ob-A 1 iOsZK-Xt-fZ 

fc WC , USX/T h<7)^«tt*tc 3 p p bfcTFtfJfa 3^7l-®JK;ff ^XJi. #i L < P 2 Os £ 5 

L<. aSJJcajfifiO. 0 0 lc/cm' • h rHTtf 0—8 5%SXfA 1 2 0 3 £4~2 0%##U M#?>£ 

iff* U*. *?KH?>¥&fcA"y ^-iTO&tttf^XOtt fj-#6 3%J3Lb"C* 0 . C u 0£ 0 . 1 ~ 1 0%^T 
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Li 2 O£0~5%. Na 2 O£0~18%XtfK 2 O£ -/^-^'8c^a^|ffiitfc»^5|^a^S^$^^ 

0-20% (fflU Li 2 0 + Na 2 O + K 2 0£5~2 WftKtf?* 1 1 fcfc ioT. HltC^J: 

0%) irtTU ±£l£#^#fi#^3r<i:k8 0%Ja 3tCi6*«.i»lR7^^-4^*a«2fc*a«3i:<0 

±-CfcO. ®$mmtf4 5~75x 1 0-'K-»Tft* StC^t&^*^<. Sift<7)4«f: ^Xh^ Vifi 
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^fiT^MlSj^fcS. Si0 2 #78%£j|g 85%*Mtht#7X<rfa'&im<*J:WZ&im# 

BiOitfsxmxumm&ffmtethimifib *>&t«(c. w%i>mL<%*). mMmmtzzzo 

&.m->X. SiO 2 tt5 0~78%<^SHtCj»'), T\ ±mmtL<\t85%. <kO»*t<tt80%T 

OB 2 0 3 li5~2 5%OSI8t i *SC:i:* { 5aS-CJ)&. J>&. -;*u P 2 O 5 *«5 0%5feSS'CJ4l»i8l«ia* J ^ 

A l 2 O3«^5X^W«tt^l«0-h^«»^-CfcS. L <^0-trS«|6j#*SOT. TISJ4»*L<tt50 
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®fttfS>&. Tffitt#£L<li4%, X*)#£ 

L<li7%TS> t ). ±m£8£L<&20%. X*)U* 
L<lil5%T*6. 

[00 1 9] CuO<^£»2#2L<{iO. 1-10 
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[0 0 2 0]S£>(C. B 2 O3^*fi*<0~l 5%T$> 
0, Si 02^^*6*0-2 5%-C*0, MgO, C 
aO. SrO. BaO&tfZnOa^frSSOlSXtt 
2^LL^Wft#0~2 5%-C* 1 3. B2O3. SiO 
2 V MgO, CaO, SrO. B a OfttXZ n 0*»£>3r 
SffifW 1 SXIi 2 SWJi^Wfitf 5-37 %T* 9 . 

P2O5. AI2O3. B2O3. Si02. MgO, 
CaO, SrO, B aO&tfZ nO*»^Sffl^*S 

[ 0 0 2 1 ] S i O2. B2O3tiB3fc®tt<0&# J ?>ift8 
5S^tiSrfiTS*I.Ofc:^-Cj>*. UpU S i O2 
«2 5%£jG8;t£fcgi8ttfc: : Sr , 5\ B2O3JH 5%*m 

[0022] MgO, CaO, SrO, BaORtfZn 

U 2 5%S-Si.5fc|»^56m& i ^<^ , 3-rr. 0r 

[0 0 2 3] $f>tC. B2O3. Si0 2 . MgO, Ca 
O, SrO, BaO&tfZnOa^&Sffc^^Stt, $ 

5-37%. jff^L<li6-3 0%<7)«iai:-rs^ 

[0024] P2O5. AI2O3. B2O3. SiO 
2 S MgO, CaO, SrO, B a O&tfZ n Ofrt>%: 

0%£U*itf)SHT\ Sb 2 03. Nb 2 0 5 . PbO, La 
2O3. T/^'JifeggHb^i&^i-&^fct,^lig-Cfc 

[0025] IMOXVn f&fyXtsXVC u O^ 

P20 5 -Ai 203^-x^^^Brrs^y><7)S 

SfcL *SHk^. KflS*^ 

[0026] ^BBO^^^y-yfflSir^X 
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[ 0 0 3 0 ] IMm. ( a ) ffflV^jglSr^Xt LT 

I^XyXizMLxm'mizypiSGZitnTbtili. * 
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[0035] 
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BUTT i OKg) £ v 5 y »/ WMgScoe&gtltiSfcA 

ffiffl) *£N 2 ;{fX£SLt4 0 U -y h^/m i ntSA 
LT. tfyZimimM&fflmtimLKV^ 14 
8 01C, 8B*TOg». Mi (ffijfi. Lit. ft 

m&mzmhX; ^m.<nr=.-i^Lxifyxyuy9 
Th^m^smwm m stcp-masss-^ 

XftttLtctZb. *Wfc.2. 5ppb&tf3. 4p 
PbX'b*). ua^Th#Wft«^t:5ppbJaTT* 

[0036] (ititmi) N 2 #X<Os£A£L5rl-^i: 
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*o£imi®m$mixmrtvi-zimit:. z 

ppb&tfO. lppbTftot. #5X<0M!5i&*?4> 
7tJ6fcrH3fc5ttJ:dfc:. 2fcJ£fl3^Sg3Mic 
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v^/MfgkUrmsyFl 5&JHvxb. rt&14 (i^ 

y#) OUfcTh^Wfta-Hi-ffiU : 1 9ppb, 
Th:0. lppbiWXU : 30ppm. Th : 55p 
pmtfc^. JRfP<vf - dHttfe&jrC2Kg) Sri 

u>/W^fi^e^s?*&«^fflv^. 143 ox:. 6i$ 

£LXtfyx7a-,? (HTtf^XBfcv^ ) 

10 *i-Wtl. 2p P bfttX0. 2ppbtJ.ot. 

[0038] Ul$m2) H3<0^U^yn.7^14c7) 

mtgftT. m®izifyx7w? (iATitmfyXW 
t^o) ZnitWfyXYf<DUtTh<r>frtfW. 
\±Ztl?il 1 8 p p b&tfO . 3 p p b-C&ofc. Utt 
«2tlfc«0|2<r)IS**^. jPrt#fflmfc«)*f-Sa^ 

AZ&pmmtt^mwrt&ztizx*). #yx*<w 

20 [0039] (mMm3)mimiTfti>tit:tfyxA 
im^mmx-mmmxt. m&m (15. 5x1 

7. 7x0. 8mm) Wv'r-itwmtfyx (WF 
tfyxct^o) ZftMLt:. ZcotfyXCCOl 5 . 5 
XI 7. 7mmWlZmmZtl£.MX'f>&&. 15. 5 X 
0. 8mmH&tfl7. 7X0. 8mmffi{i;ft£M®9 

mZfeZLXtfyx mTtfyXDt^d) x 

<v+>ym<r>#yxc<?>\}. Th^ea-eit-ftiu : 

30 2. 5ppb, Th : 5. 8ppbTS>0. Xyf-y^ 
W)*fyXD<T)U^ Th^«ffi{i-en-f<lU : 2. 3p 
pb s Th : 3. 8p p b-C*>-5)t. BPt>. Siggf^^X 

hztimmLtz. 

[0040] (mm*) *2c7)No. KOgUfcfc** 

0. 7ppbXtX0. 4ppbTAo3t. Z<T>mW<->/ 
40 f- (IKkftl^-Cl 2Kg) 2ra3W«y7;WFT\ 7 
l» yh;^*cOx'JXr*ttiS$rffl^T13 50'C:. 3^fS 

xwsmi. 5 y -/ h^a^e^swst^L^fc 

$^fc:l350X:. 5iQST'jeiB. ^Si 

znxyxtimtzxvwmtoaLiiz®.. mm 

3tmmtZLXHS®£m:LXl 5. 5X17. 7X 
2. 0mm<0A-y^-i/ffl|g«^7X (OT^7XEt 
^d) &Wz. ZOtfyXEcW&VThVfttimit* 
|L«TL1. 9p P bat^0. 8p P btft^. x.: 
50 <D#7XE<D#3fcS§ia3M±. H4{OTrrJ:9t:. CCD 
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mTmxfyAxtm) z%m££*)®mijBi.Lx io 

ifyx. &TtiM#7AYk^o) *m*Xffl*msm 

s**i 5 8xio-7K-ifc*£<. mm<m. mtum* 
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*£U @watm?znhzttfx'$%fr^ti. 
i o 04 2 i #(c. ftt>M:. zitt><?)®frmm?i: 

ttga&ajg&aLAcsTffl^u:. mfrbwtzfr 

y-Z&tELKmSX-Z&ZtmtimLt:. *f£BjfcL 
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SiOi 


69.4 


65.* 


69.4 


59.0 


67.8 


67.3 


61.4 


74.5 


BtO* 


17.6 


17.6 


15.0 


20,0 


15.8 


1&8 


17.8 


6.3 


Al.O, 


3.6 


3.6 




3.0 


2.5 


3.1 


1.6 


6.6 


LitO 


0.7 


C7 














Na.O 


0.7 


0.7 


10.0 




4.3 


10.7 




6.2 


K.O 


8.0 


8.0 


1.6 


16.4 


8.1 




7.2 


1.3 


BaO 










1.3 






5.1 


ZnO 




4.0 


4.0 


2.6 


0.2 


3.1 


10.0 




NaCl 














2.0 




Sb,0* 


i-o 


1.0 


0.4 


0.2 


0.2 


0L2 




0.4 


(xir T r l ) 


48 


50 


67 


n 


65 


64 


47 


55 
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m.2 

(CuOgfc. P.O.-Al.O.^-JtiT?;*) 



WO. 


1 
l 




•a 
o 




c 
a 


G 


7 


riUi 


78. o 


Tfl-4 


II. f 




BU.5 


57.0 


65.0 


A 1 f~V 

AliOi 


14.5 


9.0 


ic n 
lD.O 


12.1 


7.7 


15.0 


15.0 


BiOi 


i-0 










5.0 


10.0 


S iOs 










5.2 


23.0 


10.0 


MffO 


5.Z 


4.9 


4.3 










CaO 








O. 1 








01 V 








2.0 








BaO 




5.3 


3.0 




6.6 






ZnO 


1.0 


8.0 












SbtOi 








6.0 








NbiOt 




1.8 












CuO 


2.0 


2.6 


4.0 


1.0 


0.6 


0.6 


0.4 




67 


68 


6Z 


69 


72 


G2 


67 
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1 3 



(8) 
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U ft 

(ppb) 


ThJI 

(ppb) 


(c/of-hr) 


V7 — 


A 


2.5 


3.4 


< 0.0015 


'> i% 


#7* B 


1.2 


0.2 


< 0.0015 


4> & t\ 


tfv* C 


2.3 


3.8 


< 0.0015 


<S> tt t> 




is 


0.8 


< 0.0015 


4> n 




42 


3.6 


. 0.004 






18 


0.3 


0.002 






12 


13 


0.002 






210 


93 


0.02 





[0046] 

[01 ] VTR^^7«0^^««)S$-^tmBBH-ej> 



30 



[04 ] ^m\f^m^mLWf^xip^j:h^m^^ 
i wyx& 

2. 3 *SS 

4 jfi$M«iK7 4*?- 

6. 10 ©ftii&S^ 

7 CCD^-/r 

8 T)V St-b5i7;A' 7 y- >? 

11 «Sffl7-r;k?- 

12 HMtt 

13 skwmmfo 

14 rta 

15 nstf 



[0i] 



[02] 



I 



»fffl2000-86281 



[03] 




afcS (ran) 



